Abstract: Human resources management is an essential prerequisite to enhance performance in healthcare organizations. Improving human resources management in a university hospital, first and foremost depends on how professional and knowledgeable the management team is, as well as on the competences and skills of its members. This paper describes a highly personalized e-learning system, which is able to take into account the individual's profile, learning style, initial knowledge and education needs. The system is based on new technologies: Semantic Web and ontologies. On these technologies are based the development of the constituent parts of the system: the student model, the model of the field of interest namely Healthcare Human Resources Management (HHRM) in Romania. The main benefit of the proposed elearning method consists in personalized training of managers. The characteristic feature of the suggested method largely lies in the fact that specific ontologies of the field of interest are implemented with the Protégé environment which relies on a personalized methodology. The paper presents the constituent parts and architecture of the proposed ontology-based e-learning system and a framework for its implementation in a real life platform. Even though the current system is tailored to the needs of HHRM , its application could be extended to other fields of knowledge and learning contexts.
Introduction
* E-learning is currently a widely-spread technology in teaching establishments and beyond [29] . E-learning is also an alternative to continuing education in today's world as an information society or tomorrow's world as a knowledge society.
The great diversity of the users of e-learning systems requires new pedagogical approaches as well as an increased technological quality. In many works it is suggested that the success of e-learning resides in the quality of information technology, and use of modern technology in education must be supported [5, 18] .
The Web 2.0 technology has been widely applied to e-learning systems in order to improve social communication and the transfer of knowledge to the virtual learning media * This paper is based on two previous presentations in: "Journal of Economic Computation and Economic Cybernetics Studies and Research" and "The 14th International Conference on Informatics in Economy"(see references 3 and 4) . This work presents new data from our research about the evaluation of the system ontology, and implementation of the developed solution.
[26]. Semantic Web technologies, respectively the ontologies, have been applied to e-learning systems development.
Some e-learning systems were primarily focused on the innovation process enabling students to generate new ideas and pass on knowledge [20] while other systems combined intelligent agents with an open e-learning platform with a view to providing a personalized teaching-learning process [1] .
Personalization is an innovative approach into e-learning systems, representing an advanced stage in the development of learning systems. The students have different profiles according to studies, training, skills, concerns, their learning styles, objectives, preferences. All these lead to differences in individual training effectiveness through learning systems.
Health Human Resources are among the most important and expensive resources in this sector, and Human Resources Management (HRM) is regarded as a crucial element for the success of healthcare organizations [21] . Healthcare services are influenced by the diversity of patient and employee profiles, and also by the effect of technologies and economy globalization.
An increased focus on responsibility and teamwork in healthcare services provisioning are important changes with a significant impact on the quality of services provided to the patient. Advances in HRM as well as examples of training solutions with the help of Web technologies are dwelt upon in different papers [28] .
The aim of HHRM is to ensure the right number of healthcare human resources with adequate knowledge, aptitudes, attitudes and qualifications, able to fulfil the right tasks in the right place and at the right time with a view to attain the public healthcare objectives [4] . This paper presents a personalized e-learning system based on the technology of semantic Web meant to answer the training needs of human resources managers in a university hospital. Among other things, managers need to have their knowledge checked and updated by adding notions required by their professional position, in keeping with their profile, learning style and expectations.
The objectives of this system are: personalized learning, adapted educational content, reuse of the educational resources and interoperability for e-learning systems, as well as human resources management systems. Founded on these bases, the system aims to solve a series of current limitations of e-learning.
Within the proposed system, learning personalization takes into account the knowledge level, learning style (in keeping with the Felder-Silverman model), the aim of learning, the student's competences as well as his assessment and feedback. It will be achieved through innovative solutions in three fields: modelling the learning process, modelling the student, modelling the digital content.
The design of the learning process relies on the IMS (Information Management System) standards, which provide a conceptual framework for all three aspects. Modelling is achieved with the help of ontologies implemented with the Protégé environment, by using a methodology that suits the field and the student type. This paper is organized as follows. Section 2 briefly presents the theoretical background. Section 3 presents the overview of system. Section 4 presents logical and technical architecture description, and implementation solution. Section 5 summarizes the main conclusions.
Theoretical Background

E-learning in HHRM
Recent studies [30] show that in Romania there is a need for professional training, and suggest the development of professional training adapted to the needs of the professionals working in the field of quality management in health care facilities at the highest quality standards acknowledged at European level.
The need for training is assessed in terms of knowledge and skills required to implement, audit and maintain the standard of high quality management in the health system.
Healthcare management has a high degree of complexity and it is in a process of continuous transformation, being a subject of interest for the managers in the healthcare units and related institutions, but also a high priority on the political agenda of many countries.
By providing an e-learning training program using Internet technologies, a continuous adaption to this form of education to the real needs of Romanian and European healthcare system is achieved. It also allows the acquirement of the specialized knowledge in an operational system to ensure professional competence in this field. Using this training, elearning is intended to help all those involved in the health system, to deepen knowledge in public health management services health and human resources management.
In our country, such programs are relatively new in health management, appearing in programs of postgraduate training and continuing professional development training courses organized by companies developing software and training within university programs (POSDRU).
The National School of Public Health, Management and Professional Development in Bucharest, which is actively involved in the achievement of strategies and policies for reform, initiated and conduct training courses to increase the effectiveness and efficiency of health services in the country.
There are many preoccupations for e-learning in health care sector worldwide. There are numerous e-learning platforms for knowledge in HRM and in HHRM. Medical Education Organizations supporting e-learning are also active.
Many studies [27] certify the concern for elearning in health, towards using Internet technologies to enhance knowledge and performance in the field. E-learning technologies offer control over the educational content, allowing the students to reach their personal learning goals. In various contexts of medical education, e-learning appears to be at least as effective as traditional instructor-led modalities. Research in this field [23] highlights interests in training solutions using Web technologies in HRM domain.
Semantic Web
Innovations in e-learning, respectively new technologies such as Semantic Web provide a revolution in education, leading to individualized learning (adaptive), encouraging collaborative learning.
Semantic Web [6] may be exploited as a suitable platform for the deployment of elearning, as it provides all the means for the necessary learning process. Among its advantages for e-learning, providing Internet learning materials, which are connected by ontology, may be highlighted. This enables the student to adapt the training program through semantic queries about what he wants to receive in a personalized way. This allows the identification of the content according to his needs and goals.
Ontologies are widely used to represent common knowledge from heterogeneous sources, thus addressing the problem of interoperability.
Other studies [31] focus on the improvement of the quality and efficiency of e-learning systems using ontology in the development of personalized learning model. An adaptive learning environment is able to monitor its students' activities, interpret them, extrapolate the students' needs and preferences and decide on what knowledge is further needed.
Personalization, as an attribute of adaptive learning systems, consists in adjustment of educational materials according to personal features: student's learning styles and objectives. Creating an adaptive learning system that meets the students 'requirements, is a challenge, not only because students have different needs, but because they have different learning characteristics [7, 19] .
Based on the research carried on by Fathi Essalmi et al. [9] there are several personalization parameters used in e-learning systems, among which: -The student's level of knowledge; -Preferences regarding media resources, particularly the form of the learning materials: text, images, films, audio, video; -The Kolb learning cycle which defines an experiential learning model; -The Honey-Mumford learning style which identified four learning styles based on Kolb experience; -The Felder-Silverman learning style which identified five learning dimensions.
The learning environment based on learning styles has a positive influence in terms of students' achievements. Adapting learning to each one's style makes learning more efficient.
Tools that support ontology development process have been created. The most used methodologies for developing ontologies are METHOD 101 [22] and METHONDOLOGY [12] . These methodologies are basically used in this project. 
Overview of the System
The proposed personalized e-learning system for the management team of a university hospital is a response to the need to improve the performance, competences and assessment skills of managers through an automatized method of information search in a particular field.
The implemented personalized concept is based on ontologies, and it provides new solutions to several aspects such as: profile, knowledge, learning style, learning objective, training level, student' competences, training level assessment and feedback.
This proposed e-learning system is based on the modelling of its components: the student's profile, the field of interest, the learning process [4] . The prototype system is based on the standards of the existing systems (SCORM, IEEE and IMS).
Some studies [24] have analysed the way in which ontologies can contribute to the student's modelling. Among the advantages of ontologybased modelling there are: formal semantics, reutilization, availability of efficient design tools.
Student model
Modelling the student's profile is one of the key factors influencing the automatized coaching systems in terms of training decisions. The student's profile ontology is an important feature to achieve the proposed personalization system [4] .
In the proposed prototype, the student model is developed incrementally by the system using the data collected from the student and from the student-system interaction. The first source is a static one, while the second is dynamic.
The dynamic modelling of the student's profile tries to identify the student's characteristics through collecting information during the learning process. The student performance, along with information about the knowledge, are acquired during the training process. They are stored in the student's portfolio, serving to continuously update the student model in a dynamic way. The student model has been defined taking into account several aspects such as: previous knowledge in the field of interest (HHRM), learning style, learning objective, IMS standard recommendations.
The learning style is one of the most important parameters when it comes to differences among individuals, while also creating adaptive learning environments. The learning style refers to the different ways in which individuals understand information. The learning environments based on learning styles have a positive influence in terms of students' achievements [10] .
Several learning style models have been developed, five of which have been given attention by the specialized literature. Among these there are Jung's Theory (Jung's Theory of Psychological Type), and the models of learning style identification by Kolb [17] , Felder and Silverman [10] , Herrmann [14] and Dunn and Dunn [8] .
There are numberless studies that focus on learning from the point of view of students' styles [32], pointing to the differences in terms of learning styles among students and how they influence their performance.
The members of the target group are characterized by various learning styles, with preferences for various types of information and a tendency to operate with information perceived in a different way. Some students learn better with visual presentations, others prefer verbal explanations, and some prefer active learning, while others are rather introspective [11] .
In order to meet the individual needs of each student for an efficient training, the proposed elearning system puts forward personalized learning objects (materials) according to the learning style of each one. The Felder and Silverman model is at the basis of the learning style implemented in the proposed system.
For the implementation of the ontology of the student's profile, Protégé 4.3 has been chosen.
Domain model
In the development of the proposed system ontology, the objectives and the purpose have initially been identified, as follows: e-learning system components, fields of interest (HHRM), knowledge in this domain, according to students' preferences [4] .
The modeling of the field of interest consists of decomposing body of available knowledge in a set of elements called concepts that are basic pieces of knowledge or information. A domain concept can be represented through one or several learning objects (LOs). LOs based on the IMS standard are a key-concept within this project; they are the basic building blocks allowing personalizing the content of the learning materials provided to a student.
The representation of the ontology followed several stages in accordance with the Methontology [12] methodology. Thus, the conceptualization and implementation stages are preceded by the stage in which concepts relevant for the field of interest but also for the suggested learning process are acquired.
The concepts the student must learn, were identified in the acquisition phase (according Methondology) and have been represented in ontology editor Protégé, through classes, subclasses, properties, organized into a hierarchy. The relationships between ontology components are established. Relations indicate interactions among domain concepts. They define properties and attributes that characterize the domain classes. Inference rules extend the initially defined ontology.
The graphic representation of the identified concepts of the system ontology, as well as of the relationships among them are presented in Figure 1 .
Examples of object properties are: "Person has competence Competence", which connects the Person class to Competence class, "Person has job Job ", which connects Job class to Person class. Relationships between concepts (synonymy, equivalence) have been identified and a hierarchy of properties has been created, these properties were linked with relevant concepts. Also, axioms have been used to define the meaning of the components of ontology, to refine the concept and the relations among them. Thus, these complex relationships have been defined and allowed to get new information.
FaCT++ [15] was used as a tool of reasoning, to assess the overall coherence of ontology, to provide new information or to validate / reject an initial assumption. This tool has also been used to check the consistency of the ontology.
Practical example in the personal application showing on new information obtained using axioms and FaCT++ can be seen in Figure 2 .
Figure 2. Practical example on new information
The domain ontology aims the following requirements:
-to describe the basic concepts used in relation to the competencies identified in human resources management by hospital managers; -to enable query data stored in the knowledge base; -to be able to match the right person for the position of manager.
Modelling learning
The modelling of the learning process supposes the assessment of several variants in terms of personalization of the content and of the services provided to the student. This leads to the creation of a best complex scenario in several steps:
-Stipulation of personal training options (the whole course, a module, acquiring certain competences), personal data (such as education/qualifications, field of work) personal preferences (learning style, preassessment of the student's knowledge level); -Pre-assessment of the student's knowledge level in accordance to his options; -Personalization of the learning unit (course, lesson, module) depending on the student's options, knowledge level, profile and preferences, filling up the learning unit with computer-aided course specifics, final assessment and course end.
The scenario for the learning path suggested by the system is based on the student's knowledge level, learning style and needs. It should allow students the access to a particular knowledge field (e.g. a particular job), which is necessary in order to acquire the requested specific training. The personalization of the learning units is achieved through the selection of a LO for each concept specific to the learning field.
The system compares individual answers to questions (benchmarking testing) as against the knowledge needed in the field, and at the end of the process the student is given feedback and suggestions for additional training.
The System Architecture
The modelling of the training domain specific for Human Resources Management in a hospital and the use of ontologies in the building of personalized learning experience will be implemented in an intelligent learning Web platform.
Once the student has chosen the target concept of HRM, the system triggers the training process by evaluating several alternatives for the designing of an adequate course meant to meet both the student's current knowledge level and his learning style [4] .
The core of the e-learning intelligent system is an ontology that plays the role of a systematic and comprehensive knowledge storage regarding the competences of the target group, containing basic concepts such as competence, management, person, skills, which allows applying the available knowledge and also their relationships with other concepts, instances and properties.
By using its own mechanisms, the system will establish a link between the target concepts selected by the student with the knowledge database of the HRM and with the student's current knowledge level, learning style, profile and preferences, and will provide the learning units (course, lesson, module) needed by his training.
The personalization of the learning units is achieved through the selection of a learning subject for each concept, based on the algorithm of the learning path [4] .
In this way, a personalized learning program based on a specific ontology will be obtained as well as bibliographies adapted to the students' needs according to their profile and responsibilities of each member of the management team.
The logical architecture
The logical architecture integrates: (a) the Web server, which ensures the interface with the students; (b) the application programs, which performs the main functions of the system; (c) the database server, which stores the system's database (educational content, students' profiles and portfolios) [3] .
The proposed system offers the following functionalities:
Management of the education content
provides the content creation and editing, loading structure (initial load owl).
Before allowing students to register and access the system, it is necessary to complete the initialization process and the management of the education content. This process will be achieved by the administrator.
4.1.2.
Building up and personalizing the learning unit, provides pre-assessment, registration of the student, creation of the student's profile, creation of a learning unit suitable for this.
Initialization is the process which allows the student accesses to the system for the first time.
In this process, the unit student allocation occurs, so that an adequate personalized training content may be obtained.
Management of the learning unit,
provides delivery of education objects, testing, communication, reporting.
After the initialization process has been done, the student is provided with the personalized training content on the basis of the model suggested by the system and elements characteristic of the student, such as the level (automatically established upon initialization), the student's particular learning style.
The flow relevant for this process is summarized in the following sequence diagram ( Figure 3 ) and is presented below: -The student accesses the system using a Web browser; -The Web server receives the student's request. A first validation takes place, then the flow is directed towards other essential components of the system; -The internal processing takes place (authorization and authentication of the student before he accesses resources); -The analysis of the student context (profile and OWL information) takes place at the level of the Semantic Web component, and optimal connections among specific resources are achieved, adapted to the student's level and style. Previously, the student's training level has been set; -At the level of the Content Generation component, the training material (learning object) is established, personalized so that it may suit the student's profile;
-The web server formats the answer and sends it to the student; -The web browser displays the student's content; -Stop flow.
Site administration, ensures registration and administration by the administrator
The administrator will be able to manage the system also by using the web interface (browser), where he will access a particular section of operational management.
The technical architecture
The architecture of the proposed Web-based intelligent training system is a client-server architecture on three layers. The client side manages the interface with the users, and their connection to the server. The personalized elearning system combines the student model with the domain model in order to provide education content adequate to the student's needs. The system adapts the course content to the results of the students' assessment tests.
The technical architecture consists of two main blocks: the client (Web browser) and the server. Additionally, at the server level there is the database server, which has the role to ensure the data in the system [3] .
The proposed system is able to support the elearning activity in an interactive mode, based on the semantic web. The architecture diagram is presented in Figure 4 . The components of this system are presented below: 
Implementation solution
A Learning Management Systems (LMS) framework is used to implement the proposed system architecture.
LMS, also called Virtual Learning Environments (VLE) [33] , is a web-based application, which automates the management, tracking and reporting of learning events. LMS provides a wide range of functions such as content authoring, course building, online examination, student evaluation, grade book, and collaborative learning.
The LMS makes it possible to give feedback regarding exams and homework, to organize the learning material, to store recordings about students, teaching staff and system, to issue reports [13] .
LMS offers the student: personalized access to learning resources, learning management tools, self-assessment, and online support.
The LMS framework put forward in this paper tackles several important design aspects by means of a modular design approach.
The integrated modular architecture of the proposed e-learning system may be seen in Figure 5 . The large modules are presented in the following: -Content Store makes it possible to store the content on a backup hard disk and allows synchronization. 
Conclusion
In this paper a personalized e-learning system addressed to managers in a university hospital is proposed. This is based on Semantic Web and ontologies, technologies which allow the modelling of the constituent parts of the system: the student model, the domain model (HHRM), the learning path. The advantages of ontology-based modelling are: formal semantics, reutilization, availability of efficient design tool.
The advantage of this proposed e-learning method is personalized training of managers. In order to meet the individual needs of each student for an efficient training, the proposed elearning system puts forward personalized learning objects according to the learning style of each one. A characteristic feature of the suggested method is that the specific ontologies of the field of interest are implemented with the Protégé environment which relies on a personalized methodology.
The paper also presents the architecture of the proposed system and a framework for its implementation in a real life platform.
